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ABSTRACT 


Tris thesis investigates the problems in automatic 
translation of Morsercoded sianals. Seecific medifications 
to acomrercially available aecoder are made and evaluated. 
Tne delay alagorithr- oresented is ovased uoon the attributes 
of a human ocerator and 1S imolemented usina integrated 


Gammeuwit Static Shift reoisiters. 
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ie RMeTRODUC TION 


Followina the develooment of Morsercoded electromagnetic 
waveS,s major powers throughout the world were quick to 
utilize this new method for military and naval signalling. 
The advantages aained were jionaedistance communications 
speed of transmission, and reliability of reception under 
extremely adverse condgirions. In the years since, 
civilization has maae sianificant advances in communications 
tecnnolooy and there has been increasing pressure to 
eliminate the use of Morse code in the crowded radio 
frequency spectrur. 

Morse=codeda continuous wave transmissions are still the 
most reliable ~in the ewmresence of 19h noise or heavy 
interference. Additionally, thev offer the advantage of 
beina tke simplest (aenerally imolying the least expensive) 
mode of communication from an eatuinment standpoint. Yet 
"civilized" countries are spurnina the use of Morse code. 
besides being "archaic" ang slow, it is too labor intensive 
a task to train and mairtain communications operators in the 
use of Morse code. Certainly, Morse is a rather old method, 
Out Wanmy nations still use it as a primary means of 
communications because of its reliability and simplicity, 
Not cvecause of its age or "Speed" in transmission. 


“SSuUMINAa fhat the use of Morse coce will continue at 





aooroximately the same level in the foreseeable futurer, and 
given the Sent wailing need for a general monitoring 
caoability that includes Morse-traineg ooerators, it 1s 
logical to assume that the requirements for Morse mani te maa 
activity shoulo remain essentially the same. 

Unfortunately, budaqetary restraints and resulting 
manoower cuts nave dictated some sianificant changes in 
monitor philosophy. It has hecome necessary to consider at 
least three alternatives in maintaining adequate coverace of 
existing Morse circuits: (1) continue present coverage with 
a reaucea staff of trained ooerators, (2) reclace all of the 
operators with automatic translation devices, or (3) utilize 
automatic Morse translation devices to "assist" those 
operators remainina on the job. 

Aiterneative (1) is unsatisfactory simoly because it 
dictates further overloading ooerators who are already taxed 
to their physical and mental capacity, resulting in a marked 
Gdecrease of ocerator efficiency. Alternative (2) 1s not the 
oOanacea it miant seem to manpower mnanaacers, for no device or 
alaorithm currently available is capable of reliably 
reolacina the uman operator in all the comolex aspects of 
transcribina M“orse code. Alternative (35) aopears to be the 
best aorfroacnh, since it offers the advantaqe of human 
operator intervention in those situations where automatic 
translation toes not work or iS marginal in 1i1tS “‘OURDGiE 
mOreoveres it allows the machine to perform the more tedious 
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eg routine transcriotrons  timat human operators miqht 
otherwise abanaon out of boredom or fatique. 

This thesis addresses alternative (3) specifically» and 
oresents 2 loaical modification apolicable to commercially 


ayvoilanle “Morse decoders. 


let 





ll. PROBE DESERTIPTION 


A, GENERAL INFORMATION 


Morse code 1s not a lanquage in itself, but merely a way 
of representina virtually any lanauage. It is comprised of 
five bhasic elements: (1) the dot, (2) the aash, (3) the 
intra-character space, (4) the letter smacer, and (5) the 
word space. Elements from aqroups (1) and (2) are MARK 
elements and are detected by the oresence of a signal. 
Elements from aroucs (3), (4), and (5) are SPACE elements 
ana are detected by the absence of a signal. Aopendix A 
contains a listina of the “ARK/SPACE sequences used in the 
International “orse code. 


628 also known as “d1" or “dit") is the basic UnTE 
of the Morse code and will be assiqnedq a relative time 
@erativon cf one (1.90). All other ideal elements may be 
exoressend in terms of their relative dot lensthns as shown 17 
Tanie l. 

There are two very hroad categories of Morse-coded 
sicnals: (1) machire=sent (automatic) Morse, and (2) hand- 
sent (ramgal) Morse. At this point, it 31S necessary to 


diviae the discussion of Morse code properties into these 


cateccories. 


le 





Tagine I 


STANCARD “MORSE ELEMENT LENGTHS 


MARK ELEMENT SPACE ELEMENT 

cot = 1.0 intrawcharacter = 1.90 

deeh = 3.0 letter = 5.0 
word = 7.0 


cee Peer eC RITES OF MACHINE -SENT M@RSE CODE 


Paenume=semts“ocse cod@® 1S the easiest to describe 
cecause, without oredesianed variations, it is the standard 
to which all cther Morse is comoared. Automatic=Morse code 
can be aenerated Fy a numoer of devices, either electrical 
or mechanical. Kevyooard-tyoe devices are by far the most 
COMMON and reauire Oonerators to send coded signals by touch 
tynmewritino technicues. Nithout memory or buffer aevices, 
the ocperator may not tyoe faster than tne code 18 being 
aeneratead. [f tne sneed of tne code being Generated is much 
Greater than the average speed of the characters beina typed 
by the omerator, the result will be a areat variation in 
LETTER SPACE ana WCRD SPACE lencths. The maanitude of these 
vamnahiogwee will ne a function of the operator's tynina 
rhy t ni. 

Fugue 1 15 4 histoaram of the MARK/SPACE elements 
qenerated py a Keyhoard enconer curina the sarmole message. 


AS Pxypected, the ONT, DASH, and INTRA#CRARACTER SPACE 





elements are well-defined. Note, however, the disparate 
Bente “SPACE anc WORD SPACE Gemini ti ome. This is 
attributaole to coerator rhythm and will not generally be of 
serious consequence in the decoded output. Figure ec is a 
further breakdown of the histoaram information by olotting 
the relative lenath of a MARK alement versus the relative 
lengqtr of its subsenuent SPACE element.{1] The previous 
Petopmation may also be noted using this graph, and the 
olot's sianificance will not become apparent until Manuale- 


Morse code qeneration is discussed in greater detail. 


C. BeereerPrTtES OF FAND-SE®T MORSE CODE 


Manual-Morse coce is generated ty either the simele hand 
key or a semirautomatic ("bua") key. The hand key amounts 


to a sinalersooler-single=throw Switch beina opened and closed 


a) tne mrocer senuence to aenerate the desired code 
Ghisracter. A Jsempeautomatic key makes “dots” automatically 
By Whometiinc a2 weichted Sorina against a contact. "Dashes" 


are made manually one at a time by the ocerator. The keying 
9addle 1S moved horizontally as orposed to the vertical 
motion usec in the hand key. A wellwradjusted "dot" contact 
On a semirautomatic «Kxev should make 14 to 20 evenly svaced 
"Cems of mepminvesudentical |enrat hm The sendina speed is 
agjustec bry sliagira a weiaht in or out on the aot vibrator 


ear » 


1 4 
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Figurew 2. 
Data Distribution Plot 
(Machine-Morse) 








et 1s aenerally conceded that code speeds in excess of 
530 wom (words-per-rinute) are beyond the capabilities of 
operators using hand keys. At sneecs greater than 20 wom a 
ewig " is generally oreferred — excerienced operators. 
Althouqh the current world's speed record for receiving 
Morse code (set by feo R.~ McElroy in 1939) is 75.e wom, 
there are few onerators in the world canable of sending over 
45 or 50 wem manually. See Anpenaix 8B for a discussion of 
iemse code sneec standards. 

Recause of the "intinite" variety of characteristics 
descrinino the “anual-Morse sianal, any attempt at 
"comorehensively" aiscussina those properties is doomed to 
failure before it 18 initiated. _Tiwemeif owe, this discussion 
will ce limited 1n scone to some of the more "typical" 
aspects of “anual-=“orse cone. 

One of the most sianificant complications of the 
Manual*Morse § sianal is the tendency of human operators to 
send erroneous code. T hives is sometimes attributed to a 
sericrautomatic device, but usually it 1s just plain operator 
carelessness. 

For the test messane using a hand=key, figures 3 and 4 
corressond to fiaures }] and 2 respectively. Figures 5 and 6 
commesiaonco swmilarty and oa for the test message using a 
Semicrautomatic key. Fiaure 7 illustrates the differences in 
relative snecina for the three keying methods. Since the 
Indivicgual methor3s af keying used different speeds, tne 


lenatns 0 f rhe elemerts ShOWN nm fi) comme 7 have been 
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mobematized to give a basis for comoarison. 

For the hanac-keyea Morse samole, jit is seen that there 
ome two cistinct distributions for MARK. These may readily 
ae imes as fact” (1 unit) and “dash” (3.6 umits). Note 
that this is sliahtly hiaher than the "“ideal" three-to-one 
Get/deon ratio Sbecified in Table Il. Further, definition in 
the “MARK distribution is much clearer than in the SPACE 
EePotr Out lon. “nile it aopears that the possibility of 
houndary aecision error for aifferentiation between INTRA@= 
CPERACTGR GPECE gna LETTER SPACE is small- it could become a 
Sianificant factor in a larger samole. For this sample, the 
INTRA#CHARACTER SPACE seems to be ancroximately 1.1 units. 
Ar this noint, the reader 1S cautioned not to make hard 
decisions regarding hse das t caret ion of LETTGR - SPREE 
(apparentiv 3.8 units) ana wORD SPACE (Canparentiy 5.6 units) 
Sece it 1S auite cossible that LETTER SPACES and wORD 
SPACES are therouahly inrteremixed in Manual-Morse samples. 
Fiaure 4 jillustrates this effect and iS aporopriately 
annotated. The distinction here is largely academic, since 
the aeneration of anaitional spaces or the deletion of 
intendeo soaces' will rarely damaae the context o f the 
ressaae. 

Similar conclusions may he made from the semio 
automatically keyes samnles shown in fiaures 5 ana 6. Here, 
the acrarent reaularity of "dot" formation is attributed to 
eH] sutomatic nature of the keyina device. Using the "dot* 
niefemener, "desh" secesins around 3.9 units, LETTER SPACE 
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Beem’ awtG), ana WORD SP4CE around 6.0(?7). Note that 
there will be four types of SPACE elements ree: the 
Perr A=CMMARACTER SPACE: (1) the space between two "dots" 
automatically generated by the key, (2) the space between an 
automatic "dot" anc a subsequent "dash" manually keyed, (3) 
the space netween a manual "cash" and a subsequent "dot" 


automatically keyed, and (4) the space between two "dashes" 


manually keyed, SPACE elements of tyre (1) would be 
exoected to he auite reaular, but all other types may be so 
ioeeou wer as to overlao tatoo the LETTER SPACE "boundary" or 


pDossicly the WORD SPACE houndary. 
ie rs O f Interest to note thot figures a and 6 
illustrate the oremise that SPACES preceded by dots tend to 


be longer than those oreceded by dashes. [2] 


Pe SORSE TRANSLATION OBVECTIVES 


Automatic Jdecodina of Worse=coded sianals is a classical 
oroole™ in statistical detection theory. Althounath automatic 
decoders have been highly successfu] in monitoring 
Automaticeorse cece of suitable sianalw-to noise ratior no 
oractical svstem has veen develored for reliabliy decoding 
all varietions of handesent Morse code. This has been due 
to tne inaewintyeto deal with all of the non=Stationarities 
of the ‘4anuale-“orse siqnal. (Reflected only partially by 


tne BARRY SPACE statistics of different orcerators or by the 


tee 
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Statistics of the same operator over a oeriod of time.) 
Gmeimacteristics that have contributed to | the overal] 
difficulty in automatic decoding include: (1) gradual 
transmitter freauercy drift, (2) rapid transmitter frequency 
oeyvet 3 © chiro” )w (3) receiver drift, (4) sloppiness during 


Mepsain tvoes of traffic (e.aq. callw-siqn traffic), (5) the 


1 


UD it 


use of cut" number™ traffic, (6) oropacation effects, (7) 
noise from any sources and (8) the presence of many other 
Morse and non=“orse sianals in the receiver passband. 

To aet some iaea of what must be expected of an 
automatic aecoder,s, a discussion of human attributes 18 1Nn 
erger. 

The human ear is a remarkable device Couoled with the 
Grain, it forms a very oowerful . audio processing system. 
Although the systen 18 basically broad=banded (covering a 
Pamnge co f et isa 1 y ten octaves), it can be made 
extremely narrowc-bhanded instantaneously and without ohysical 
Pwort. (3,4) Fiaure & shows that, for frequencies between 
209 Hz and 900 Hz, the critical ctanawidcth of the single ear 
SS SOL... (5% 

The ear iS caodable of hearina sianals below the noise 
level. It has been reoorted that: (1) Morse code sianals at 


l 

“ere numrers are numboers that have been shortened Dy 
recetitive gashes. (e.g. The nmumberal 9 is normally sent as 
os = = - , } but as a “Ct” AUMSer woUlG be Sent. oo ucre 
letter "NN" (€ = . 1.) See Apoenaix A for a listina of "“cut" 
Number reoresentations. 
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ieee SWR (signal-to-noise ratio) were completely readable, 
(2) call signs were accurately identified at -9 dB to -12 dB 
SNR, and (3) the "presence" of signals at -=20 dB SNR could 
be detected but those siqnals were not readable. (4,6) 

Tne human brain 18 a very complex but flexible processor 
that automatically adaets to a wide range of signal 
Characteristics. Furtnerr since knowledge of the code and 
the lanauage being usea 1s already oresents, the brain can 
make contextual analysis on the signal and even allow a 
certain amount of anticiostory resoonse. When there 1s Some 
qouot about a oarticular character, an experienced operator 
wil] "laa" hehing a few characters and piece together the 
intencea nessage. Since the experienced monitor opverator 
treouently knows wnat the sender intends to sayr tremendous 
allowances can ne made in translating poorly sent Morse 
COGerw For ho , an operator mniaht recognize the signals 
[ - . -- -- | contextually as the letters CQ; a 
mechanical translator would usually indicate the letters JT R 
M A (as it was sent). 

For a mechanical translator to RPEPLACE an experienced 
operator, tne followina characteristics would be required: 
(1) narrow-band audio response, (2) the ability to track 
gradual frequency arift vet ignore "chirp" on a signal, (3) 
the ability to detect sianals at or below the noise level, 
(4) the ability to seqreaate Morse sianals from non-Morse 
Sianals in the poasstand, (5) the ability to select a desired 
Morse signal from manv Morse signals in the passband, (6) 


aif 





Mme Sdetriity to track speed variations with little or no 
ettect on cecodina, (7) the ability to identify the sending 
operator and make allowances for idiosyncrasies in sending, 
ame (5) the ability to ocerform contextual analysis onthe 
messace as a whole. 

by current standards, a device approaching these 
Standards would have to be a soecial-epurpose computer with a 
rather large memory. Such an installation would not be 
eractica! in motile environments, and would probably be too 
costlv to maintain for fixed installations. Further, there 
1S MO macnine available that can successfully replace the 
numan monitor ooerator in daily operations. 

Recause it 1S Si. conceded that sophisticated 
decoding alaorithms alone are unable to satisfactorily salve 


tne whole probodlemn, certain comoromises must be made. If an 


- 


operator 18 allowed to make critical decisions reaqarding 
Sureobisity for machine tmams at ion, an automatic 
trams ation system hecomes feasible. ror ©an automatic 


translator to ASSIST an experienced onerator, the following 
characteristics are recommended: (1) relatively narrow= 


bandead audio response (used in conjunction with a tracking 


receiver if possitle), (2) detection of a Sterna at 
reasonably low SWR, (5 track speed changes with little 
detriment to the decosged outrut, anda Cs), suff 1c 1eme 


tolerance of poorly sent Morse code enabling translation 
correct enough for contextual analysis by an ooerator. 
et 1S ocbhvicUus that automatic translators can be used 
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with aqreat success at:hiaher code speeds because those high 
Speeds are probably being aqenerated ty a machine. This 
would free an operator, normally transcribing a tape at a 
Slower sneed, to monitor a less adaptable signal. 

For this thesis, a Pickerina model 230D automatic Morse 
code translator was chosen. Aithouah there were many 
considerations made in this choices the primary reasons’ for 
tne final decision were: (1) ease of modification to 
exaustimg circuitry, (2) ability to accept reasonable 
variations in cade siaqnals, (3) cost, ana (4) output device 
fig@eeibiliity. Reference (7] supports this decision. and 


contains an evaluation of the 239D'sS performance. 


ce 





IIT]. ALGORITHM DESTGN 


&, ORIGINAL ALGORTTH™ 


Earewre S is a fuaimetiona] 


230-) International Morse Decoder. 


receiver is anolied to 


block diagram of the 


the PVP (Period Variance 


AND TMPLEMENTEATION 


PV CKeRunG 


Audio outout from a 


Processor). 


The PVP serves aS a8 narfowrtbanded audio filter with a 
oOassbana from 780 Hz to 960 H2 and converts this analog 
audio Inout Imnto a dGiaital Oat dt slanal that can be 


analyzed by the aecoder. 
lime 230°) decoder alaorithm 


oy Guentherll], and is kaseq on the 


(internally desianated 


dicital tracker within the ade€oder 


interva] oetween two adjacent 


transition cetween marks. This 


DOT -Pebt ob 
"A" ) of the code being received. 
measures 
marks 


Interval 


Is Similar to that presented 


AVERAGES 


The 
the time 


on EVERY OTHER 


1S desianated " hime 


and is subject to a fixed boundary decision which allows the 
valim ©ft "Gn" to be averaged into "A" only if it is tess 
than (3A/2). This oernits the tracker to discard any value 
wnich would crobabtly be a dash. If the value of “An" is 
Suitable, the formula for averacina is: 4=(3A/4)+(An/4)., 

e 

For a aiscussion of the DAT=PERTUD AVERAGE and other 


aWeormrmtmes, see ASocendix D. 
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Inittally, "A" is internally set to the equivalent” of 
10.5 wom Morse code and the tracker aoproaches the true 
speed of the received code in proportion to the accepted dot 
rate. Once “A" jis reasonably close to the ACTUAL dot period 
of the received code, decoding takes place according to the 
followina fixed boundary decisions: 

(1) If the instantaneous interval (Cinternally designated 

"Mn") of a mark was less than 4, the mark was a dot. 


[ Bin( MARK) < 4 => DOT } 


(2) Mn (MAPK) > A => DASH 


(3) Mn(SPACE) < A => IMNTRA-CHARACTER (ELEMENT) SPACE 
Cees ater eee) < 2h SF LEPVER SPATE 
(SY MACSPACE) > 2A = wORD SPACE 


Note that ALL of the above decoder decisions are based on 


- 


the dot oceriod average, A. 


B. MOOGIFICATICNS TO THE OFTGIWAL ALGORITHM 


Because of the extensive circurt mogifications required, 
no attemets were made to chanae the five basic houndary 
cecisiors used oy tne decoder. 

with meodeard to the desired translation objectives for 
operator assistance: Hie ones Ler eoulr ing » most improvement 
was (a), the ability to track abruot soeed changes with 


iwtet le deteerment to the tecodedqd cutout. 


$e 





An unmodified e30=D0 jis capable of tracking slow or 
moderate spneed variations with little difficulty. However, 
mie “@ecocer ofter loses the first four or more Characters 
when initially establishing the dot eeriod average and wil) 
also decode incorrectly for a time following an abrupt speed 
increase. If there is a sudden speed decrease (to a value 
less than tworthircs of the previous value in the tracker), 
tee Cieital tmeckince cCircwiet wil] "hang" and decode 
immrocerly for an inscefinite cerioa. Since downward speed 
Coeewmineg is |limiteo hy the fixed boundary accertance of 
(34/2), no effort to change this can be made without 
Gemrim@ent to the overall 230-) algorithm. 

Any improverert to upward sneed trackina must cause the 
mragita! |emeec tracker to aporoach the” actua! sending speed 
at a taster oace. The first modification oerformed involved 
elimination of the sarplina ocortion of the algorithm. (See 
fiaures 10 ang 11.) Since "An" was sampled on every other 
transitions an inertial effect was observed in the diaqital 
sceeag tracker. The oriainal samnlina techniaue forced the 
Neceder to make incorrect boundary decisions until the value 
of “A” was within the tolerance allowed by tne 250=D 
al Gorn time. Paecareect  decoadirnva was observed TOG an 
indefinite period when aocrocriate (high dash or dash=-only 
content) coge characters were useds tynical code sequences 
(rantdom aroups or olain text) oroducea incorrect decoded 
output for a nummer of characterse depnendina an content and 
Soeen. Specific results of this modification are documented 
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imeenapter IV; Section A. 

A subsequent mnoacification was prorcosed that used digital 
inteqrateco circuit static shift registers to delay the MARK 
siqnal inteterwally. “here the oriainal algorithm based 
decisions on an average derived solely from the PREVIOUS 
coae characters, the Delay Algorithm effectively allowed the 
character involved and a variable number of "previous" 
characters to contribute to the overall] average. This would 
allow the decoder tc base MARK/SPACE decisions on an average 
orf past, oresent, and to some extent, "future" code 
Cnaracters. 


° 


&ssume that the following sequence is sent? 


If the olin cena 1 alaorithm samoled and declared the first 
got, aaa the diarteal speed tracker required four sampled 
cdots tc heain correct aecodina, then the decoder  outout 
wolrla be? CRPERATCR 1 (a “lesishtot® four (‘Ghianract ees) veaeeln 
oractice, some early dasnes miaqht be averaaqaed into the 
cracker if boundary conditions are met. For this and 
Subsequent examnles, dash CGOnmt F1OUutON is considered 
Ae lien le. 

[f#™the alternate Samole DFOVISION Wourenoven ana 1) +cun 
Gots are required to aecode correctly, then the aecoder 
Ooutout wouloa he: E CPESATGR 1 (a loss of three characters). 
Alrhouanh the removal of the alternate samolina appears to 
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reduce character loss, there is still room for improvement. 

If the Diaital Delay modification is implemented and the 
diaital speed tracker is allowed to determine the sceed of 
received code SPORE translation occurs, a definite 
improvement should result. If the delay holds an equivalent 
er four ‘“aweramge”" Morse characters, the digital speed 
tracker should be able to begin decodinaq immediately with 
fre Outweut: CQ DE OPERATOR 1 (no loss of characters). 

This modification is based on the knowledge that human 
operators often carry. a few letters (Cor words) mertally 
oefore transcriotion. This trait in humans has two common 
meme ficatiams: (1) it allows the ooerator to piece together 
portions of a messaae contextually when there is doubt about 
the character(s) sent, and (2) it tends to smooth out the 
rate at whicnm code characters must be transcribeds this does 


away with tne feeling of "manic" tnat results from tryina to 
write down each character hefore tne next one is heard. 

Because tne 230-N aoes not have a contextual analvsis 
capability and machines are not aenerally krown to panic, 
tne actual effect of the delav 1s to allow the tracker to 
"anticipate”™ soneed channes before the coded signals are 
anrclied to the gecoader. 

Since the numvoer of cits of delay will contrioute 
siacnificantly to the overal] effectiveness Oi a: Ghe 
modification, the fallowina assumptions were made: (1) 49 


wom will he consiaerea the "ootimum" working soeed, (2) at 


40 wom, the selav should averane atrout four characters, and 





(3) a clockinae frequency of 448us (availaole from the 230-D) 
will be used. 
at 40 wom: 1 dot = 30 msec 
average “Morse character = 12.38 dots 


four chaimecters = 49.2 dots 


“ith a 44%us clock frequency, the delay will require? 
(49.2 gots) (3S0ms/aot) (i bit/448us) = 3295 "bits" 


Since the 2555 intearatea circuit SSR (St atic Si oe 
Register) contains Peed bits, the circuit will require a 
ema of fowr chicos (4096 hits). This will correspond to a 


delay of aperoximately 1.8 seconds. 


le wom: €4094)(4848us)(1/100ms) = 18.4 aots = 1.50 characters 


20 wom: (4096) (448us) (1/60ms) $0.6 dots = 2.49 characters 


4Q wom: (4096) (€44A8us)(1/30ms) 6 .¢ dots 4.97 characters 


ow wom: (409%)(454Bus)(1/20ms) = 91.8 dots = 7.46 characters 


It is tnterestina to note that the delay carries more 
Characters as the soeed increases = just aS a human operator 


woulo temd to do! 
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Py. STESPINGSAND SEV AGUA TELON 


a TES! RBROCEDURES 


Any test of an electronic Morse decoder is highly 
Subjective, @ oarticular test wil) have a different 
sianificance for every individual operator. The following 
tests were not desiaqned to be exhaustively comprehensive, 
they were desianed to establish some basis for comparison of 
exoerimental results for various modifications to the 230. 

Three orocedures were used in testing the 250-0. (1) 
Tests were performec using a keyboard Morse code generator 
at ler €0r and 40 wom. The ournose of this test was to 
estadlish tne maximum decoder improvement that should he 
Oosmrvec usING machine onerfect code. Hiaqgher speeds could 
nave veen used, bdut it was felt that this information would 
be suncerfluous. (2) Tests were performed using a recording 
of an automatically keved nroadcast message taKen from a2 
receiver with a e.i KHz bandwidth. Signal=tosNoise ratio 
was aenerally aqood éven thouah fading, occasional noise 
bursts, and voice interference were all observea. (3) Tests 
were performea usina a similar recording of two amateur 
eareratOrs. It should he neted that the sending abilities of 
tnese onerators were not verv aood? the sianals were tvpical 


o f hana-sent Morse code that was (ana 1s) availanle offe 
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the=orr. he purvose of tests (2) and (3) was to establish 
the effect of the modifications on typical offetherair Morse 
Comer Vranscriotion. 

The procedure used for test (1) was to transmit an 
indiviaual character repeatedly until the decoder 
consistently responded correctly or definitely established a 
"not decoded" state. Followina the alphanumeric tester a 
series of random five letter groups was sent in a similar 
fashion until the aecoder responded consistently. 

Tne "standards" of comparison for these tests are 
transcriotions made ty the author. In these transcriptions, 
contextual scacina has been utilized to simplify reading of 
tne transmittev text. For these comoarisonsr it should be 
notea that the 230-0 will fail to recognize two or more long 
Morse characters that are run toaetner. In these instances, 
a “ORD=-SPACE will be aqererated. This effect can be noted in 


the aata tables at the end of this chaoter. 


oe 'EST EVRLUATION 


lt cam ibe seen from test (1) that the first modification 
resulted in a hasic reduction in the number of characters 
lost ny the 230-0 before correct translation heaqan.e- It was 
noted that the first modification increased the decoder's 
Susceptibility to noise. The added noise suscertribility was 
not deeren a4. sianificant complication, since plans calied 
for tne eventual adacition of a ore=decoder processor similar 


wo, nee used by Gel].(4) Further, test (1) shows that the 





DELAY modification resulted in a MARKED improvement over 
botn the oriainal 230-D alaorithm ana the first modification 
me thie bosic algorithm. 

Tests (2) and (3) Showed some improvement with the basic 
alcorithm modification. The following additional effects 
were observed upon implementation of the DELAY modification. 
(1) A reduction Cin some portions of text) of noise effects 
was observed anc was probably due to the sampling nature of 
the oiaital SS&&'s. This samplina property also had the 
opnosite effect in some isolated cases. (2) A tendency to 
better differentiate “CGRD/LETTER space boundaries was 
observed in ae marginal situations. This property made 


readina decoded text outout somewhat easier. 
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(CONTINUED) 


CHARACTERS LOST 











CHARACTER(S) ORIGINAL MODIFIED DELAY 

< dj e 0 

/ fi. Oe a Nie Gs 
AA fe lus 3 0 
AR Mi, Ge iu reseGl « 
AS rl «Gls e . 0 
BT 4 e 0 
KM. MicesGlie rV euGlie flier Glue 
On Aes 1 ie Chew 
U“MVOG le 7 4 
ZAwMA es 10 6 
eC Y IR Fie elke Aire Oe lierOes 
XEGTF es 3 e 
SWEZC ieot 10 0 
LKrNA Davee 3 0 
aPMZL Nusigli's 10 10 
PIJMN Cw Ws Cis eG 
MOF OJ PIC Meds. MieiGls 


49 





TBIBE V 


TEST (2) - BROADCAST MIES SAGE 


OPERATOR TRANSCRIPTION 


CQ CQO CQ VVV VY¥V VVV DE NPM/NPG NPM/SNPG NPM/NPG CQ CQ CQ VVV 
VvVV VVV VVV DE NPM/NPG NPM/NPG NPM/NPG CQ CQ CQ VVV VVV VVY 
DE NPM/NPG NP’M/NPG NPM/UPG CQ CQO CQ VVV F DIRNSA ATTN A843 

LIZ WHPN NP“4 102131 TROPICAL STORM NORMA WARNING 05 HAS MOVE 

OMyoOnGRE 60 MIVES WEST OF ACAPULCO AND DISSIPATED. HIS hS F 

INAL WARNING ON TROPICAL STORM NORMA. BT BT UNCLAS //NO3145/ 

/ OIRNSA ATTN 4843 LIZ WMPN 2 NPM 102133 NORTH PACIFIC OCEAN 

Peo SAS WHRNING (EAST OF 150E) A. FLEWEAGCEN PEARL 1019192 

SEP 74 1. HIGH SEAS WARNING VALID 1100002 TO 111200Z A. SEAS 

Po ee ORMGRTPR Werte 150 NAWTICAL "(SI WES®EITHER@eS POE OF BLINN 

aermomestene® 150.5E1 FO 47h olS1ES WAX SEAS THIS AREA 14 FT. 

om SERS IewrtT OR GRP WITH 250 NAWTICAL MILES" EITHER SIDE 

OP 2IWE FROYW 39 .5N7 Y4e.SWe TO 47.5N6 17 Iw9 MAX SEAS THIS 

WREA 16 FT. C. SEAS 12 FT AR GRIR WIPDRHIN 100 NAUTICAL MILES 

Stee SIDE OF A LIME FROM 34N7 1235.5W) TO 42N6 1e7wO MAX SE 

25 HIS AREA 15e@FT.-e. at HOWR FORECSST VALID 1171200Z TO 120 

OWOZ @. SEAS 12 FT OR GRTR WITHIN PSO NAUTICAL MILES EITHER 

SIDE OF A LINE FROM 44ne 1820/9 TO 4O6N0 163E0 MAX SEAS THIS A 

SEA 16 FT. 8. SEAS 12 FT OR GRTR WITHIN 250 NAUTICAL MILES E 

TIER SINE OF A LIE FROM S2.5M2 139W3 TO 46.5N5 168.5N0 MAX 
Seo FitiS "PEA 17 FI. C. SEAS Ye FIGR GRIR WITRN 150° NAUT 

Sl Sees bllher SPOE OF A LINE FROMeSeENS 126.5004 HO Gees 
Pore ex SEAS THIS’ AREA 17 FT. BT BT UNCLAS™//NOS1 45/777 01IR 

MGS ATTN ABUS LIZ hWwPH 2@ NPM 101919 WIND WARMING EFFECTIVE 1 

LGU0090Z SEP 74 1. FORECAST GALES WARNING WINDS NORTH NORTHWES 

T TU NORTH NORTHEAST 35 TO 40 KTS FORECAST TO DEVELOP BY 111 

206Z UVEP WATER AREA ROUNDED BY 33.0N6 TO 43.0N7 BETWEEN 13 

em MD 120.0835 SEAS 16 TO 15 FT. AREA STATIONARY 87 AR 


Note 1: Underlineo oortions of text indicate audio aprolied 
to the PVP was outside the passband; any response 
was due to nowsexor imter fe cammgmsmenma | se 
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TABLE VI 


TEST (2) = BROADCAST MESSAGE 


UNMODIFIED 230"P TRANSCRIPTION 


EE Sa Vv VVV VVV VVv¥ DE NPM/NPG NPM/NPG NPM/NPG CG CQ CA VV 
V VVV VVV DE NPM/NPG NMPM/NPG NPM/NPG CQ CQ C9 VVV VVV VVV DE 
NPM/NPG NPi4/NPG NPM/NPG CQ CA CQ VVVe DI RMN SA ATTN A843 LIZ 
WHPN WPI 102131 TROPICAL STORM NO"A WARNING OS HAS MOVED ASH 
ORE 60 MILES wEST OF ACAPULCO AND DISSIPATED. THIS IS FINAL 
WARNING ON TROPICAL ETORM NORMA. BT BT UNCLAS //N03145// DIR 
NSA ATT A843 LIZ WMPN 2 NPM 102133 NORTH PACIFIC OCEAN HIGH 
SEAS WARNING JEAST OF 150E] A. FLEWEACEN PEARL 101919Z SEP 7 
4 1. HIGH SE4S wARNING v4LID 310090002 TN 111200Z A. SEAS 12 F 
T OR GRIM NITHTW 130 NAUTICAL MILES EITHER SIDE OF A LINE FR 
OM ueN6 150.5E) TO 47N1 1O1E8 MAX SEAS THIS AREA 14 FT. B.S 
EAS 12 FT OR GRIR WITHIN 250 NAUTICAL MIES EITHER SIDE OF A 
LINE FROM 39.5N7 142.5W2 TN 47.S5SN6 171W9 MAX SEAS THIS AREA 

16 FT. C. SEAS 12 FI OR GRIP WITHIN 100 NAUTICAL MILES EITHE 
R SIDE OF A LINE FROM 347 123.5Wi TO 42N6 127WO MAX SEAS THI 
S MREA 15 FT ¢«{ 2. 24 HOUR EFORECAST VALID 1112002 TO 1200002 
A. SEAS 12 FT OR GPTR wITHIN 150 NAUTICAL MILES EITHER SIDE 
CF A LINE FROM 44uNn@ 180/9 TO 46N0 163E0 MAX SEAS THIS AREA 

lo FT. B. SEAS 12 FT AR GRTIR WITHIN 250 NAUTICAL MILES EITHE 
Sipe OF Mel UrEL ET IE TEESTIile | #39W3 10°46.5N6 ‘ome ay - 
EVO “AX SEAS THIS AREA 17 FT. C. SEAS 12 FT OR GRITR WITHIN 

150 “NAUTICAL MILES EITHER SIDE GR_A LIN2 R30M 32N5 126.5W4 T 
0 44.S5N3 126”9 MAX SEAS TRIS AREA 17 FT. BT 8T UNCLAS //N031 
4S// DOIPHUSA ATTN 4 B43 LIZ WrPH 2 NPM 101919 WIND WARNING EF 
FECTIVE 1100002 SEP 74 1. FURECAST GALE WARNING WINOS NORTH 

NORTHWEST TO NORTH WORTHEAST 35 TO 40 KTS FORECAST TO DEVELO 
P 8Y 111200Z OVER WATER AREA BOUNDED BY 33.0N6 TO 43.0N7 BET 
NMEEN 130.04 AND 126.063 SEAS 10 TO 15 FI. AREA STATIONARY 8B 
T AR 


Note 1l: Encircled ocortions of text indicate audio applied 
to tne PVP was outside the passodands no resoonse 

Note e: Underlined ovortions of text inuicate discreparcies 
with Operator Transcription (Table V). 
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PABee VII 


TEST -G2) = BROADCAST sMESGSA CE 


230-D (MODIFIED SPEED TRACKER) |= TRANSCRIPTION 


CG CG CQ VVV VVV VVV DE MPM/NPG NPM/NPG NPM/NPG CQ@ CQ CQ@ VvV 
VVV VVV DE NPM/NPG NPM/NPGNPM/NPG CQ CQ CG VVV VVV VVV DE N 
PM/NPG NPM/NPG NPM/NPG CQO CQ CQ VVV F DINSA ATTN A843 LIZ WH 
PN NPM 102131 TROPICAL STORM NORMA WARNING 0S HAS MOVED ASHO 
Re ©0 MBELES WEST OF ACAPULCO AND DISSIPATED. THIS IS FINAL } 
ARNING OM TROPICAL ETORM NORMA, BT BT UNCLAS //N03145// DIRN 
SA ATTN 4843 LIZ wEPN 2 MPM 102133 NORTH PACIFIC OCEAN HIGH 
SEAS vVARNING JEAST OF 150E) A. FLEWEACEN PEARL 1019192 SEP 7 
wel. PeeGH SEAS weiRMING VALID 110000Z TO 111200Z A. SEAS ie F 
T GR GRIR WITHIN 130 NAUTTCAL MILES EITHER SIDE OF A LINE FR 
OM “einem! SO0.5E1 TO 47Nb 1c1ESB MAX SEAS THIS AREA 14 FT. 8. S 
EAS 12 FT OR GRIR SITHIN 250 NAUTICAL MILES EITHER SIDE OF A 
LIE FROM $9.5N7 142.5we TO 47.5N6 171199 MAX SEAS THIS AREA 
lo FT. C. SEAS 12 FT OR GRTIR WITHIN 100 NAUTICAL MILES EITHE 
R SIDE GF A LINE FROM 34N7 123.5W1 TO 42N6 127W0 MAX SEAS TH 
Toe Ae 1S fa" 2. 24 HOUR FORECAS!T VALID 1112002 TO 1200007 
Me SEAS 12 FT OR GRTIR wITHIt 150 NAUTICAL MILES EITHER SIDE 
OF A LINE FROM u4dN& 1809/9 TO 4oetin 163E0 MAX SEAS THIS AREA 1 
6 FT. &8. SE4S 12 FT GR GRTR WITHIN 250 NAUTICAL MILES EITHER 
SIDE OF A LIT _—SE 12] 1383 TG 46.5NS 166 E 4 E EVO MAX 
SEAS THIS AREA 17 FT. C. SEAS 12 FT OR GRTR WITHIN 150 NAUT 
MOP PILE ES EILTPER SIDE OF A LINE FROM S2HS 1eo.Sv@ 10 44,5N3 
1268a9 “MAX SEAS THIS AREA 17 FT. BI BT UNCLAS //N03145// DIR 
"ISA ATIN SP4U3 LIZ YPN 2 NPM 101919 WIND wARNING EFFECTIVE 1 
10uu0Z SEP 74 1. FUREC4ST GALE WARNING WINDS NORTH NORTHWEST 
TO RORTR NORTHEAST 35 TO 40 KTS FORECUST TO DEVELOP BY 1112 
002 OQvER WATER AREA BOUNDED BY 33.0N6 TO 43.0N7 BETWEEN 130. 
Ow4d ANN 120.03 SEAS 19 TO 15 FT. AREA STATIONARY BAT AR 


Note 1: Encircled cortions of text indicate audio apolied 
to the PVP was outside the oassoands no resoonse 

Mote 2: Underlined portions of text indicate discreoancies 
with Onerator Transcription (Table V). 
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TABEE VIL I 


TEST (2) = BROADCAST MESSAGE 


e20=0  (UELAYe OP IriCATTON) — TRANSCRIPTION 


CG CQ CQ VVV VVV VVV DE NPM/NPG NPM/NPG NPM/NPG CQ CQ CA VVV 
VVV VVV DE NPM/NPG NPM/NPG NPM/NPG CQ C@ CG VVV VVV VVV DE 
NPH/NPG NPM/NPG NPM/NPG CQ CQ CQ VVVa DIRNSA ATTN A843 LIZ W 
HP) VPM 102131 TROPICAL STORT NORMA WARNING 05 HAS MOVED ASH 
ORE o0 MILES WEST OF ACAPULCO AND CISSIPATED. THIS IS FINAL 
HAQNING ON TROPICAL FTORM NORMA, ST BT UNCLAS //NO314S// DIR 
NSA ATTN A843 LIZ WMPN 2 NPM 102133 NORTH PACIFIC OCEAN HIGH 
SEAS WARNING JEGST OF LSOF]) A. FLEWEACEN PEARL 1019192 SEP 
74 1. HIGH SEAS AARNING VALID 1100002 TO 1112002 A. SEAS 12 
FT OR GRIR wITHIN 130 NAUTICAL MILES EITHER SIDE EOF A LINE 
FROM 42No 150.SE1 TC 47N1 161E8 MAX SEAS THIS AREA 14 FT. B. 
SEAS 12 FT OR GRTR WITHIN 250 NAUTICAL MILES EITHER SINE OF 
A LINE FROM 39,.5N7 142.52 TO 46.5N6 171'V9 MAX SEAS THIS ARE 
m WW FT. Cl SERS 12 FT OR GRTP WITHIN 100 NAUTICAL MILES EF 
THER SICE OF A LINE FROM 34N7 123.S5W1 TO 42N6 127W0 MAX SEAS 
THIS AREA 15 FT. 2. 24 HOUPEFORECAST VALID 111200Z TO 12000 
0Z A. SE4S 12 FT OP GRTR WITHIN 150 NAUTICAL MILES EITHER SI 
DE OF A LINE FROM 44ne 180/79 TO 46N0 163E0 MAX SEAS THIS ARE 
mh FT. B. SE4S fe RT OR GRIR wiTmiN 250 NAUTICAL MILES EIT 
HER SICE OF A LIP FE F ITE FIT ETTE — EF] 139W3 TO 40.S5N6 16GE 
F IITTO “AX SEAS THIS AREA 17 FT. C. SEAS 12 FT OR GRIR WIT 
PIN 150 NOUTICAL “MILES EITHER STDE OF A LINE FROM 32NS 126.5 
wa TO 34.53 124679 MAX SEAS THIS AREA 17 FT. BT BT UNCLAS // 
NO3Z14S// DIRNSS& ATTN A 843 LIZ WWPN 2 NPM 101919 WIND WARNIN 
G EFFECTIVE 11000072 SEP 74 1. FOPECAST GALE wARNING WINDS NO 
21H NORTHWEST TO NORTH NORTHEAST 35 TO 4O KTS FORECAST TO DE 
VELUP BY 111200Z OVER WATER AREA BOUNDED BY 33.0N6 TO 43.0N7 
BETWEEN 130.04 AND 120.043 SEAS 10 TO+1S5 FT. AREA STATIONA 

RY BY AR 


mote vis Encirclea oortions of text indicate audio anrlied 
to tne PVP was outside the passband; no response 

Mote ec: ‘Inderlined portions of text indicate discrepancies 
with Operator Transcriotion (fable V). 





Tape» 1X 


TEST (3) = AMATEUR RADIO OPERATORS 


OPERATOR TRANSCRIPTION 


Amateur Radio Operator #41 


Sc eee wel DRaweyG U SOUNDeVY YOUNG HI. BT WELL I FEEL THA 
DP Po omerO LESS HAMS NOT MORE. WE NEED QUALITY NOT QUANITY. B 
T HAM RADIO IS A VY S HARD HOBBY TAKE A LOT OF STUDY. BT BT 
a: oe er we xX*ylL IS TELEING AT BT BT Bf BT BY BT OK ON UR CLUB 
me. BT FER 4 LOT OF GUD Cw ACTIVITY JUST HRD SUMON RUN A 

VFG OVER TRE FREQ RA RT THINK WE NEED TO GET TOUGHER ON HAM 
eeeeve PLEGNG RENEw BY UPDATED TESTS EVERY e YRS. 8T TO PLAY 

AROUND aliH EGUIPTMENT THAT wE CANT FIX OR UNDERI UNDERSTAN 
me GEOPreR TYE HORRY. BT I WRITE TO W6UF BILL HE oe VY INTE 
RESTING PERSON YF TOLD BILL, THAT EIMC EIMAC TUBEIS TUBES CAU 
se GRM HI RI SCO Aw I” ARU WeNL CE W6NYG KN 


Amateur Radio Operator #2 


Sa0YG OF weil I BI ST €S TAHAT IS e#HY we HV A LOT OF POOR AM 
ARES Tre aUT THEY FCVE TO GE PRAINED ABT ITT AT.L 48D THAT P 
Seer IS°UP TOevS FO HELP @S MUIGH AS POSSIBLE BT BUT DONT 
meeGeT al SOME OF PHESE YOWNG @MES ALSO KNOW & HEA HECK OF 

Beet Meee @6T TRE LATEST SA STURE [rab WE OO BT Al TREY Cr 
7  TeeSeH@GL ES SCE HEP TO A LOT OF FRHISCS WE ARE BEHIND 

le BleS7F Cw THAT 1S MY EXPERIGHNCE AmiyYgAY BT BG I AM NOT SOU M 
WEHWOm AVL TNG SUT TUBES SETS HI GUTeSCLUESS THAT 15 NOTe TRE A 
SE Sep SeweRVYONE TT IS FeR SWRE oToeHI SO GUESS IF we TRY 70 7 
EAGr EW whAT wE KNOW TT PS ABT ALL WE CAMP DO ART TFT IT HI BT 
BT WELL WONT HOLD U ANY LONGER Nw FRANN & E E€ E E FRAT FRANK 
| wom Teme FER QSC HV ENJOYED IT BCNU WENYG CE WeNeE kK 


Miete 1: Underlined oortions of text indicate audio applied 
to the PVP was outside the ocassbands any response 
was due to ncise cr interfering signals. 


Sd 





TABLE X 


REST -(3) - BAT EUR RADIO OPERATORS 


UNMODIFIED 230-D TRANSCRIPTION 


Amateur Radio Operator 2@l 





G U S OUNDVYYSNGHI.= wELL I FEE L THAT WE NE E DLE 
§ HA" oT MORE ( we NEE 9 QUA LIT Y NOT QUANIT Y= HAM RADIOI 
S AVYS <P H O8BY TA KE ALOT OFSTUD Y = = = Q_MY XYL ISTELLIN 
GE Ul — —€ = EX F F EF IF =H F £ ERE ATT EF E FE FE EE 

E £ € = = OCONIE F F HI SIR ERE . = IM FEREA LOT, G?. CWACTI 


Bee oeianw SUMON RIN RVFiY OVERTSETEE EEJE S= ENEED 70 Cer | 

OUGH ERGN H AMS HAVE LICING RE NEW SY UPDATED TEST S E VERY2 
mee 6 = PUP AY ARP GND WITH EQU TPT MENT TH ARE CANTFIX OR UND 
meee UE RST AT S SAD FERTHE 4 OBB Y.871 TO WRIT © Be cur 

meee ee ey ye PNT.E 8 EST ING PERSON [— [| GED B IEE , TREAT €E 

Tem ce IT M AC E [| BEeS CAUSE QRT HI HI SONW IM; < WENLDEWNONY 
GKN 


Arateur Radio Uperator #e 


- 


[Ergh EF= = ES THATIS oY wR HV A LOT , POOEN AMATE_S N W 8U T 
[TH ©Y fH AVE TO BE T ENAINED AS TITAT .L AND TH ATP < T , IT 
IS_P TO US TOK ELP AS MUSS 4S POSSIBLE = &UT DONTF ERGET TH 

AT SOME, THEY:NG OMNES .SOKNOWAH ES HECK | AL OT MORE AB T 
TH E ED LATEST S T SA STFF THAN WE O O = H EE THEY G ET I T 

It SC FP NOL ES SO< — HE P IM ALOT , TH INGS WE <E B_EH A B 
Se wR @ iv = = = TRATTS “Y EXP ER T EN € E ANYWAY see f 

AM 4 OT S S§ O NU C H ON ANYTNGBUTTUBES S ETS H EE BUT G UESS 
THETIIS tO T THE CASE WI D EVERY ONE TT ISFERSE = = SO GUE 

SS TF we TRYE T_T E 4 6H E 4 6 ATWE KNOW TTIS AB T.L WECANDO 
_TITH EE= = i — ED L WONTH_DUANYLONGE RNWFRANN E E EE E EE 

RAT FRATK E = = THXFEENGSO HVE NJO(DIT ESBC)6NNU WON YG DE H 


= 5 














Nome 1: Emcircled cortions of text igeWeave aivcio arpa 
to tne PVP was outside tne nassbands no response 

mote ¢: \lInderlined portions of text indicate discreoancies 
with Orerator Transcriction (Table IX). 





TABLE XI 


TEST (3) = AMATEUR RADIO OPERATORS 


230-D (MODIFIED TRACKER) |= TRANSCRIPTION 


Amateur Radio Cnerator 41 
a nnn er ee ae ee 


Y G USOUNDVYYSNGHI.= wELL I FEE L THAT WE NE E OLESS 

ras WOT MORE "= WE NE € O QUA LIT YONOT QUANITY@=] HAMIRADIO 
Peers HERD HOBBY TA KE ALOT OFSTWO Me= gq = Oa MY KYU eRSTE 
LLING = (here noise drives the tracker up and the 230-D must 
Pe Go-initialized) 0 S( lero eo F IM FFEA LOT, GU CWACT RVI 
TY 2£STH RD SUM a RUTPRAVFU"O VE SE FET GELE .L= ENED WO GET 

i OUGH ERON H AMS HAVE LICING RE NEWBY UP DATED TEST S E VER 
e4eRS. =FIGPLAVY ARIND WITH ENU PPT MENT THe ATWE CANTFIX SORPUND 
ER — T UNDERSTANCIS BAD FER THE H OBB Y.LBT I wRITE E IF 6UF 
PP a EC Ae V Y dT E Re EST ItoGe PERSON I[ we OLB BILL , Te At & 

meer CEE SUAS * ee Eek. BE SECAUSROORT HIATT SOM Tio < aut D 
FwohMYGKhy 


on 


Amateur Radio Ooerator Fe 


- 


EtGh Ef R_= ES THAT IS 6 Y WE HV A LOT , POCEN AMATEURS N w 


BUT TH EY 4 Ave TO 8€ T ENAINED AB TITAT . LAND NH ATP < T , 
IT IS P TO US TOKELP AS MU<S AS P OSSIRLE = BUT DONTF ERGET 
TH AT SOME , THESF Y:'NG GNES .SO KNOGWAH E A HECK , AL OT MO 

9E AB T TH E ED ATEST S T SA S TEE THAN WE D O = H EE THEY G 
ET I TiN SC HO OL ES SO<E HE P TO ALOT | Th INGS WE <E— B 

EH Ah & H IND I IN BTE = = THATIS “Y EXP £E R IE NCE PYWAY = 
= IT AM NOT I SO “MU CH ON AWYTNGBRUTTUBES S ETS H EE BUT G UE 

SS THETTIS NOT THE CASE WI D EVERYONE TTISFERS E = E = SO Gu 

ESS IF wE TPYE T TE ASH EM 6 ATWE KNOW TTIS AB ToL WECAN 

DOAB TITHFE= = W E ED L WONTH_DUANYLONGE RNWFRANN E E FE E 

Fav FRANK F = = TNXFFR_O HVE NJOCDIT ES BCS 6NNU WON YG DE N 


L<« 








Mote 3: Encircled cortions of text indicate audio applied 
to the PVP was curside the passhands no response 

mote c: Underlinea portions of text indicate discrepancies 
with Qoerator Transcrintion (Table IX). 
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TAS Bx I 


TEST (3) = AMATEUR RADIO QPERATORS 


250-0 (DELAY MODIFICATION) - TRANSCRIPTION 


Amateur Radio Onerator #1 


[S_ EWG USOUNOVYY:NGHI.= WELL I FEE L THAT wE NE E DLESS HAM_N 
OT M ORE “" WE NE E 1D QUA LIT Y NOT QUANIT Y .= HAM RADIOIS A 






Peo HARD HORRY TA KE ALOT OFST UD Y = = = G@ EMYXYL ISTELLI 
Me Re = TES € Fil F =5F Fn A Fest ee en eee eee Fee et eee 
eee ia BIT .OG J YM Eig UC = AM YTPEA LO TE, GUD CWA 


aver SorhR). SUMON RUN AVFO O VE_LHE FS EE SfS ENEED TO Ge 
im) OVER BRON H AMS HAVE LICING PE NEW BY UP DATED TESTI S$ E 
VERY 2 YRS. =TOPLAY AR:ND WITH EQU IPT MENT TH ATWE CANTFIX 
On UWOER I T UNDERSTANDI S BADFERTHE HOBB Y.= I WRITE E E 6U 
Pp oeeieE AVY DIDNT FR FSTING PERSON I 7 OLD BREL , JHA EF I 


MC F I MAC EF FEE £ SES CAUSE ORTE H IHI SONW IMZU< WONYG 


KN 

Amateur Radio Operator #2 
We TP Be=- = FES THAT AS © F WERY A EDT ue POOEN AMATEURS Nw BU 
feiiey H w¥E TO BE TUENSTVED Se ° TITAT .C oan TH ATP < Ts Jt 
IoerP 10 US TOh ELP **S MU<5 AS P OSSTBLE = Hut DONTFERGET TH 


aT SMME , THESE Y:NG ONES .SO KNOWAH E A HECK 4 AL UT MORE A 
my T= EG ATEST S I SA S TEE THOt! WE DOm=eH EF THEY G & T 
Y fue Se A GOL ES SO< E 4 E P TH A LOT , TH INGS WE < — BUER 
me cer 1 1 IN =E = = THATIS M¥SMHP FURI £ NCE CYway = = 2 
“24 4% OT I SO “UC H ON ANYTNG BUTTUBE S$ S ETS H EE BUT G UE 
SS FHETTIS N OT THE CASE wI O EVERYCNE TT ISFERS_E = = SO Gu 
ESS IF WE TRYE T T E A CH E ™ 6 ATWE KNOW TTIS AB T.L WECAND 
QO TITh EFS = w E ED L WOHTH DUANYLONGER NWFRANN E EE EEE 
FRAT FRANK = 


TNXFER GSO HVENJOI{DIT ES BCS _6NNU WoN YG DE 
wre < | 


lim oa 


mote 1: Encircled ecortions of text indicate audio apnlied 
to the PVF was outside the oasscands no reponse 

Note 2: linderlined portions of text indicate discrepancies 
witn Operator Transcriotion (Table Ix). 





Ve. CONCLUSIONS AND RECOMMENDATIONS 


A, CONCLUSIONS 

It has been shown that a delay modification to a Morse 
decoder alaorithm onerating at the MICRO> level can enhance 
eeicodiae abd | det y« lmhis lemdoecredibidm tgs to the Gon teniteien 
thet eMARn/SPACE history alone will mot provide sufficient 
information for even an ee decision algorithm. Some 
information atout the oresent character 18 necessary, and 
some infornation ahout “future” characters woulda be 
desireable. 


Characters significant to average 


A yo CHARACTER SENT 


Ltt | | By-- 
i. 


CHARACTER DECODED 


FTGURE ia 
NORMAL HISTORY DECISIONS: sianificant element decisions are 
basea on tne nature of orevious characters alone. 


ee 
5 
“ICRO alcorithms ocerate on an elementetorelement basis 
while “iACRQ alaorithmrs work on varianle length "strings" of 
elemerts. The latter 1S nenerally considered more 
successful in decodina accuracyr but iS TUChH more Ccomolex in 
onpysical imclenentation. 





Characters significant to average 
CHARACTER 


7 F¥ SEN 


1 | | ae 


CHARACTER 
DECODED 


FIGURE 15 
DELAY DECISIONS: significant element decisions are based on 
the nature of pasts, present, and "future" characters. 


A delay in processing element information in the decoder 
is used wnile allowing the averaging orocess to operate on 
these Same elements iN realwtime. Although decoding does 
not immediately take nolace after a character is sent (Creal= 
tine), the proper timina sequences are faithfully maintained 
and’ the characters are decoded in "pseudo" realwtime. 

Since mast elementary alaorithms base decisions on the 
"history" of the elements, it would seem worthwhile to 
consider modification of existing circuits to allow the use 
of celayed orocessing. The actual auantity of delay to be 
usea for ootinum contrivoutior to the algorithm will] depend 
weom: (1) the nature of tne alaorithm, (c} the Nature 767 
code, and (3) the clocking speed available for the shift 
reoisters. 

Ther Gelay mocification permits €Gonmsidqersation Cf Vesa, 
oresent, and future elements: this effectively transforms a 
ATCROealaorithm inta a combination HMICROG/MACROwmalqorithm. 

It 18 of interest to note tnat the Greatest apcarent 


imorovement (Test 1) ecccurred at the 12 wom speed. For the 


S9 





rig!) 250-1); twelve characters were not successfully 
decoded (due to oka) | dash or high dash content), three 
cnaracters required two or more Morse repetitions to begin 
decodings and only two characters (E and 1) began decoding 
immediately. After the tracker modification: only six 
characters failed to decode successfully and no other 
character required more than one Morse unit to begin 
MeeoaTmng correctiv. The mast sianificant imorovement came 
witn the delay nodification: the same six characters (from 
tne modified tracker results) remained undecoded, but ALL 
remainina characters were decoded immediately! 

The results for ee) wom and 40 wom are similarly 
encouraginay, but not as dramatic. leleGe leSeeGieue lam P aatataye tie 
rhe fact tnat the stiaqital soeed tracker is initially set for 
eS SOm amd does rot have to adjwet radically cfor wheeled 
wem code. S” longer static shift register line should 
oroauce results at 20 wom and 40 wom that are comparable to 
tne le wem observations. Cetimization would need to be 
certiommed to account for the new MARK delay and the 
resultina longer averaging interval for sneed fluctuations. 

Diilive. this. thesisehas net SObMEDeuhe Onoablemaof ailiost 
characters in decodina;r it has contrituted to a significant 


renuction in these losses. 
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B. FECOMMENDATIONS 


Devices uSINQ variations of both MICRO and MACRO 
aporoaches are being presented continually. The ohysical 
implementation of a MICRO algorithm generally has a cost 
advantage while the MACRO techniques maintain the advantage 
in degree of successful decodina. On closer inspection, it 
is easily observed that most decodina alaorithms leave much 
ro be goesired. The most soohisticated alaorithm eventually 
fails due to Chisnolm's Law of Human Interaction. (There 
wilt ALWAYS be someone sending Morse code that will tear up 
eee algorithm: ) 

The recent unsurqe in microcomouter usage offers a 
viahle and inexnensive anoproach to the ootimization of 
decodina alaorithms. It would seem wise to invest in one of 
the more flexible units to make software algorithm changes 
ora & to tne actual hardware work. In additions 
micirocormouters cam re used to attack some of the oroblems 
artenaant to “orse code reception (e.a. drifting receivers, 
cCniroing transmitters, noise, etc.). To some extent, these 
microcomnuters miaht even be programmed with a limited 
contextual analysis ability desianed to detect probable 
errors in a haroware (or software) decoder. 

Tnere is much left to he done in the area of Morse 
rranslat:o0n before comolete automation shoula he attemoted. 
Tne followina areas are reoresentative of orojects currently 
under ceveloomert or that should ce considered for further 
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mowx: (1) suidio filters Gaeeble of tracking a drifting 
receiver/transmitter, yet canahle of eroviding a passband 
narrow enouah to be consistent with the Morse signal 
bandwidths (2) seaqreaation of Morse signals in a common 
passband by frequency or keyina characteristics; (3) 
seqregation of Morse sianals from non=Morse signals? (4) 
Mamst®™” identiPiesation; and (5) contextual analysis. 

Finally, a few comments are in order reaarding previous 
methoos for comparing ocerator transcrioed Morse to machine 
decoted outout. With few exceptions, exoerienced operators 
have been used to aenersate "standards" for comparison to 
machine decocina. Little consiageration has been mace for 
-errers in transmission that tne sending operator may have 
made and that went undetected by the receiving exoert. A 
aeererent aocPogeh to this comparison techniaue would be to 
allow the sendina operator to copy his Own text (Cat a 
different speed or freaquencys, if necessary) and compare this 
resuit to the machine output ara the exoert's transcription. 
Acove all, persons coing the final evaluation of the tests 
shoula ce knowledaeable in Morse from on=stherair exnoerience 
rather than from book=deriveaq exvoertise. Not that the 
"pnook-exoerts” lack knowledae or abilitys rather, they lack 


realeworlda exoerience using their knowledge of Morse. Morse 


By S$1eEht is co#olerely different trom™@orse by ear- 


be 





APPENDIX A 


INTERNATIONAL 





MORSE CODE LISTING 





230-2 
visual 
CHARACTER REPRESENTATION display 
A(8) a A 
B(l2) ies B 
C(14) "~.7. E 
0(10) ~ ou D 
(th 3 A E 
F aie ) én F 
G(12) =—. G 
(10) eleva H 
6) nue I 
g(16) 7° J 
K( 12) -.° K 
Gie ) ae L 
“MC 1i0) -- iv 
N(8) oly Ni 
O Gre’) “<= 0 
PY a) 77. P 
Q(16) --.,- Q 
eer) ) ae R 
Co) oats S 
T(6) - T 
UC10) oe U 
V(ie2) owe V 
m1 2) =o W 
X( 14) -..° x 
Y Gus) -.°° i 
Gi 33 -".. fi 
lee 0) ermnm= (cut 7) ! 
2(18) ootemm (2.2.7) 2 
Seo) ooo tm Ceoee™) 3 
4(14) ¢ ose Gemeente. | 
5(12) sw axece Gee | 
6(14) ig 5 ele Gateteneres a OS 
7 elr6)) = 5 ee b 0 Serer) if 
2S) w~en-., (-..) R 
9(20) conven, (-.) 9 
OCze) — eee (-) 0 
Tne fiaures in ocarentheses represent the number of "dots" 
Goats, nauds) that are required Nn time to send the 
character. This number includes the 3 unit letter space 


followWAana s character. 
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APPENDIX 6 


MORSE CODEMSPEED STANDARDS 


Telearaph signals are characterized ty element time 
durations equal tor, or areater than, the shortest dot 
Interval. Telegrach speed is aqenerally expressed as the 
inverse of the dot interval in seconds. Qne doteper-second 
will be ocne baud. 

Tnere are many sneed "standards" for Morse code; each is 
based on the type of traffic oveina sent. This appendix will 


discuss the three most common currently in uSe. 


(1) AVERAGE WORD STANDARD 
Since tne number of dots and dashes varies for different 
crharacterss Dine use of an average duration may be desired. 
For Enalisn olaintext, a character'sS average length (not 
maelWwarnma its asSociated LETTE® SPHEE) is"rouqhiy 9 dots and 


am avemece werd is five letters. Cor International Morse 


the averaaqe character 1s close to 11 dots.) Therefore, "fl" 


é 


wom= N{(S5x9)+71 = Se@N dots/minute. This corresponds” to 
1154/N milliseconas oer dot. (e.a. at 20 wom, 1 dot = $7.5 
nsec.) 


(2) PRRIS (59 baua) Slaw ec 
Tne most comran sneed standard in use 1S the PARTS 
shancard. The wora PARIS consists of S0NGauds (ime ous 
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Seven unit WORD-SPACE and four LETTER=SPACES). If ten PARIS 
words can be sent in one rmrinuter the speed is 10 wom. 
Therefore, "N" wom= SON dots/minute. This corresponds to 
1290/N milliseconds per dot. (e.g. at 20 wom, 1 dot = 60 


msec.) 


(3) GODEZ (60 baud) STANBARD 

Most military stations use a standard based on the 60 
baud word CODEZ. WUsina CODEZ, the speed in wom APPEARS to 
Be much fagter. The use of ECQVEZ, as opbosed to PARIS, is a 
result of two different tycoces of code transmission. In the 
military, five letter coaed aqrouos are oprevalentr while 
amateur anc commercial users transmit olaintext containing a 
hicher ratio of E's and I's. The CODEZ standard is used to 
compensate for this aifference. Therefore, "N" wom = 60N 


dots cer minute. this corresoores to LQ00/N milliseconds 


oer dot. (eam. at 20 wom, | det = Ss0ersec.) 


tin emegmpler of tne PARIS/CODEZ dittference 1S: 


09 wom(PARIS) = 20 msec/dot = 50 wem(CCDEZ) 
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APRENOLTX C 


MORSE SIGNAL BANDWIDTH 


Tnere is widespread (and uninformed) belief that the 
Morse coded CW signal has essentially a zero bandwidth. The 
following araument demonstrates how the Seaeeh of a Morse 
coded Cw signal is cependent on code speed. 

To calculate the bandwidth of a Morse signals the 


autocorrelation function will ne of value. 


X(t) 
1 
5 t 
Figure 16. | §Random Morse Signal 
At any instant of time, X(t) assumes a value of "0" or "i" 
avon eamal crobe@nility. X(t) makes independent random 


traversals fron one level to the other. 
me = G©-P(X=0) + 1" BiG) Seek ec 
Assume that the ordhabilitv of "Kk "traversals in™ |= seconds 
1Seowvemuavywe the Poisson distrirution. 
k 


(al) 
P(k,T) = me exo(-alT ) 


x! 


“here 42 tne averace numrer of TRAVERSALS cer unit of time. 
at ne Ai=XCt) aS 42 9iscrete random variable having values 


a OC) {oY Sima lariv, define Xie a tee. The possible 
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outcomes of an experiment involving Xl and Xe ares (0,0), 
Sees C140), (lel). Threw ALCCF. Cautocorrelation function) 
PGT )= Xi X2. Therefore, 

Ry(T) = (€O0°O0)PCX1=9,X2=0) + (0°21) PCX1=0,X2=1) 


+ (1°O0)PCX1=1,X2=0) + Cle1LIPCX1=1,X2=1) 


SO, Rel) = PCX lata xen) 
This is the probability that X1=1 and that an EVEN number of 


traversals occur pnetween (t) and (ttl). 


POUXt=l,x%2=1) =gP 0.1] =1,keeven) ="7ex1=1) FPCk-even) 
Since the traversals are indeoenaent af level, 


Ry (T) = (172)PCk=even) 


and, P(kz=even) in the interval JT = 
co 
k 
aT] 
exo(-alT]) a ee as 
: lease) ies 
kK=>even 


Nnere the maanitude sian converts T to an interval of time. 


a (ait) (atm) +S ~caltt 
k! 2 k! k! 

k=0 k=0 k=0 
kK=even 


= (1/2) lexo(af{T}) + exo (-afT])1 


Ry(7) = (1/4) C1 + expG=2aiiiaion 
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Tne power spectral aensity function Gy(f) fis cbhtained from: 


, 5 4q 
R(T — | of) + — 
di , r * 4a°+(2nf)” 
G, (£) 
i, 
(1/4a) 
! \ P 


Fiqure 17 


POWER SPECTRUM OF THE MORSE SIGNAL 
Selivina the equation, the 3 dB bandwidth for the Morse 
Signal ese (Cay 48) s Since the word "PARTS comtaras ea 
Gmewienaalliss this would indicatess 3 dBeeandamth of 5.9 Hz 
for a 20 wom signal. Further analysis reveals that, for 95% 
power of a Morse sicnal at 20 wom, Bandwidth = 52.8 Hz. 


tris fiqure closely aarees with the "standard" used by 


Bell. (8) 
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APPEND kD 


TYPICAL ALGORITHMS USED BY AUTOMATIC DECODERS 


Ci) TOEAL DOT ALGORITHM 
All MARA/SPACE decisions are based on an elementeto- 
element basis. For example, if the first element is less 
than (€i/2) that of the second, it was a dot. Similar 
decisions are nade for the soaces and are hiahly dependent 
on the nature of the code heing sent. This alaorithm tends 


to be extremety susceotible to noise. 


(ej CUT=PER TOD AVERSGe wb oun HM 
al Geaeisions are nased a aA quantity reoresenting the 
dot olus its subsequent space. In an average, this quantity 
ig aporoximatelvy eaual to e@ x (dot). Agains all decisions 
are based on the Sare Guantity, anc will] oe dependent on the 
mature of the cooe. This alaorithm 18S somewhat less 


Suscertible to noise effects, but generally fails to 


Comsueer the effect oF Door SnaCIMG format tons. 


w5) MARK=SPACE AVERAGE ALGORTTHM 


iis techniaue is documented in reference [1]. The 
averace alaorithm is 8 variation o f the DCT=PERIOD 
yVaor i? ther. Here, ALL m~arxs and spaces. are imitially 


assicned a name (aot,dast,element soace, etc.) according to 
a fyxed formula. As each type “of MAPK/VSPSCE betaine oe 
secudmulate in its "hin", the formula 1S changed to ae more 


Fall 





oe hae in] 


@ | T fe 


representative mathematic relationship giving more noise 
Immunity. The decisions nere are two-dimensional in nature 


and are illustrated in figures es, 4, and 6. 


(4) SLIDING WINDOW ALGORITHM (MAUDE ) 

This alaorith® was first oreslented in the late 1950%s. 
Its main feature is the ability to store strings of 
Characters, analyze the string's statistics, and use those 
Statistics to decode the elements in the string. As more 
code characters are available, the "window" moves in time, 
and tne Srocess continues. The siqnificant difference here 
is tne ability to decode the same character more than once 
in different strinas and comoare the results for accuracy. 
Aithouaqh claimed accuracy was highs realw=time off-the-air 


Marse was not used in the original tests. 


There are & areat many more alcorithms possible. Some 
uSe® a oriori knowlecae of the cnaracteristics of the code to 
awd in Seumode fuscet 1 ome others use extremely comolex 
Tathematical models to describe the nature of the signal 
patterns. fhe Gein mentioned in this a meuags ae all use 
the dot as a reference in some fashion. This should not be 
interpreted as an inference that the dash is not used; on 
the contrary, the oash IS used in some algorithms. The use 
ot the dash or an elementary smace as the reference is not 
as pocular as the use of a dot, since the dot reference 


alaorithms seem to yiela cetter results. 
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ere ND X 


INTEGRA Wa CIRCUTT CHm@RASMERISTICS 


Mine dia@ital delay Sireuit shown wn figure 1! wtilizes a 
74121 monostable multivibrator inteaqrated circuit and a 2533 
V0S static shift register. This appendix contains pertinent 


tntormation about each of these devices. 


SN74121 Monostable Multivibrator 


Timing Pins 





1. Bis a positive Schmitt-trigger input for slow edges or level 
detection, and will trigger the one-shot when B goes to logical 1 
with either Al or A2 at logical O. 


2. External timing capacitor may be connected between pin 10 and pin 1l. 
With no external capacitance, an output pulse width of 30 nsec is 


typically obtained. 


3. To use the internal timing resistor (nominally 2K ), connect pin 9 
to pin 14. 


ve 





2555 1024-bit Static Shift Register 






OUTPUT 3 | Ve (+5v) 


(-12v) Vgg INPUT 2 


STREAM 


SELECT jg | CLOCK IN 


(GND) V.a| 4! INPUT 1 


STREAM = 0, INPUT 1 selected 
SELECT 1, INPUT 2 selected 


CEeCKSIN® ~ “— 


GENERATOR 


INPUT 1 0 3 aa 
: 1024-bit - Sess 
REGISTER 
STREAM - 
SELECT 


INPUT 2 





1. All inputs of this Static Shift Register, including the clock, can 
be driven directly by bipolar DTL/TTL integrated circuits without 
external interface components. The output is push-pull, providing 
a fanout of one normal TTL load. 


2. The three clock phases used in the static register cells are generated 
by an on-chip generator. This clock generator is controlled by a 
single DTL/TTL logic level input. 


3. Data is entered when the clock is at a logic 1. Data is shifted 
when the clock goes low. 
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